INTRODUCTION
Allowing employees the opportunity to influence the duration and positioning of their work time, that is work time control, has been associated with increased job satisfaction 1 and reduced risk of work-family conflict, [2] [3] [4] self-reported health problems, 1 registered sickness absence, 5, 6 and disability pension, particularly in relation to musculoskeletal or mental disorders. 7 Conversely, low work time control has been linked to sleep disturbances, 1, [8] [9] [10] [11] [12] and to common work-related stressors, such as job strain (i.e., a combination of high job demands and low job control at work), 13, 14 long working hours, 15 and overcommitment to work. 13 The importance of reducing sleep disturbances is underlined by observed associations between sleep disturbance and increased morbidity, 16, 17 especially in relation to mental disorders; 18 temporary 19 and permanent work disability; 20, 21 and even increased risk of premature death. 22, 23 Given that work time control represents a means of reducing stress at work, a link between low work time control and increased risk of sleep disturbances is plausible. However, to date, studies that have examined the association between work time control and sleep disturbances are limited and provide inconsistent results. 1, [8] [9] [10] [11] [12] In two cross-sectional studies, low work time control was associated with poorer sleep quality. 1, 8 Other studies have found that employees who lack individual flexibility to determine their days off and who also have highly variable work times determined by the employer are more likely to report sleep problems. 1, 8, 9 However, in another study it was additionally found that employees with high work time control also experienced greater sleep problems when their work schedules were more variable. 12 In shift workers, possibility to influence scheduling of work shifts was not clearly associated with disturbed sleep. 10, 11 The reasons for the inconsistencies in previous results are unknown but may be due in part to small sample sizes, varying definitions of work time control, heterogeneity in the study designs, and differences in the sources of data (e.g. company records vs. open internet surveys). Furthermore, few studies have taken into account the possibility that the association between work time control and risk of sleep disturbances may depend on total hours worked.
Long weekly work hours predict shorter and more disturbed sleep, 15 probably because the time for unwinding after the end of work is reduced and the actual time available to sleep is restricted. 24 Such restrictions may limit the possibilities for enhancing sleep through other means, such as improved work time control. Hence those who work long hours may be more likely to experience curtailed or impaired sleep, irrespective of their level of work time control. Finally, it is possible that in some cases, flexibility may promote behaviour that results in greater sleep disturbance. For example, individual flexibility in working hours can be associated with setting oneself high goals, leading to self-inflicted unhealthy work schedules and excessive work load. 1 In this prospective observational cohort study of public sector employees, our objective was to examine the relation between work time control and sleep disturbances using both crosssectional and longitudinal designs in a large well-described working population. Given that high job control, including work time control, may decrease the likelihood of work-related stress, 25 it is hypothesized that providing workers with control over their work hours will also reduce the risk of sleep disturbances. Furthermore, we examined the role of long working hours in the association between work time control and sleep, as the health implications of work time control might differ between employees working standard hours and those working extended hours. We hypothesized that the association between work time control and sleep disturbances might be weaker among those working long hours, because of the impact that long work hours have on unwinding and the time available for sleeping. With up to 68,089 employees and 129,286 person measurements, this study is to our knowledge, the largest study so far in this field of research.
MATERIAL AND METHODS

Study population and design
This study is based on data from the Finnish Public Sector study. 5, 7 The study was approved by the Ethics committee of the Finnish Institute of Occupational Health.
Work time control
Work time control was measured with seven items relating to the respondent's ability to influence the following: 1) total length and 2) beginning and ending times of a working day, 3) taking breaks during a working day, 4) attending to personal affairs during a working day, 5) scheduling of work shifts, 6) taking vacations and paid days off, and 7) taking unpaid leave. (5) Internal consistency (Cronbach's alpha) between the items was 0.84 at the time of the first survey response. All items were assessed on a Likert-type response scale ranging from 1 (very little) to 5 (very much) and the mean of the items was calculated (response to at least 4 items was required). The mean was rounded to the nearest whole number to indicate work time control score: score 1=very low, score 2=low, score 3=intermediate, score 4=high, and score 5=very high work time control.
Working hours
Working hours, measured at Phase 1 only, were derived from the self-reports of the number of contracted working hours as well as the estimated weekly mean of extra and overtime working hours. These numbers were summed and dichotomized into ≤40 hours/week or >40 hours/week. Fourth Edition (DSM-IV). Participants reported how frequently they had experienced each of the four symptoms during the past four weeks (response scale from 1="never" to 6="every night"). For participants who reported more than one insomnia symptom, their most frequent symptom was used to assess the frequency of sleep disturbances, dichotomized as no sleep disturbances (symptoms during 0-4 nights/week) or sleep disturbances (symptoms during 5-7 nights/week).
Sleep disturbances
Covariates
Sociodemographic characteristics of age, sex, occupational status, and type of job contract (permanent/temporary) were drawn from employers' records. Occupational status was divided into higher-grade non-manual workers (e.g. teachers, physicians), lower-grade non-manual workers (e.g. registered nurses, technicians), and manual workers (e.g. cleaners, maintenance workers) according to the occupational title classification of Statistics Finland. 27 Health behaviors comprised self-reports of current smoking (no/yes), alcohol consumption (grams of pure alcohol per week), 28 body mass index (BMI), and physical activity.
Participants reported their average weekly consumption of beer, wine, and spirits in portions.
Those data were transformed into grams of pure alcohol. Body mass index was calculated from self-reported height and weight (kg/m 2 ). Participants also reported the amount of their physical activity and whether it was equal to walking, fast walking, jogging, or running.
Physical activity was measured as Metabolic Equivalent Task (MET) hours per day. 29 Self-rated health was measured on a 5-point scale using the item: "How would you estimate your current state of health?" 30 The scale was dichotomized to indicate suboptimal (scores 1-3) and good (scores 4-5) self-rated health. Psychological distress was measured by the 12-item version of the General Health Questionnaire (GHQ), 31 with caseness coded as positive if the participant endorsed at least 4 items of psychological problems during preceding weeks.
Symptoms of anxiety (continuous outcome) were quantified by the 6-item Trait Anxiety Inventory. 32
Statistical analysis
Associations between the covariates and work time control were analyzed using the Chi square test (categorical variables) or analysis of variance (continuous variables). In these analyses, we included the first measurement of each participant if they had responded more than once.
We pooled data from all four points of measurement that included questions on work time control, sleep disturbances, and all the covariates, i.e. Phases 1, 2, 4, and 6. Phases 3 and 5 included data on work time control and sleep disturbances, but not all the covariates. The cross-sectional analysis thus comprised 129,286 person measurements from 68,089 participants. The cross-sectional association between work time control and sleep disturbances was analyzed with repeated measures log-binomial regression analysis using the generalized estimating equations (GEE) method. 33, 34 The repeated measurements were nested within participants, i.e. while the individual participants contributed more than one observation to the dataset, the interdependence of the within-participant observations was taken into account in estimating the standard errors.
In the crude model, we calculated prevalence ratios (PR) and their 95% confidence intervals (CI) of sleep disturbances by the degree of work time control, adjusted for the survey year.
We then sequentially adjusted for 1) age, sex, and socioeconomic position, and 2) all the above listed + marital status, type of job contract, night/shift work, health behaviors, self-rated health, psychological distress, and anxiety. As the associations of alcohol consumption 35 and BMI 36 with health may be U-shaped, these covariates were included in the fully adjusted model both as linear and squared terms. Intermediate work time control was chosen for the reference category instead of very low or very high work time control, because those extreme scores comprised significantly fewer observations (very low work time control n=11,004, very high n= 3,795) than the intermediate score (n=46,496). For comparison, we also analyzed the association of work time control with self-reported suboptimal health, as lower work time control has previously been shown to predict poorer self-rated health. 37 In the cross-sectional design, we analyzed the interaction between work time control and long working hours using data only from Phase 1, because long working hours were not measured All analyses were performed using the SAS statistical software, version 9.2 (SAS Institute, Inc., Cary, North Carolina).
RESULTS
Very low work time control was reported by 6,101 participants (9%), low by 25,624 (38%), intermediate by 24,251 (35%), high by 10,365 (15%), and very high work time control by 1,748 (3%) participants at study entry. Very low or low work time control were associated with older age, manual occupational status (very low was also associated with higher nonmanual occupational status which included school teachers), non-smoking, lower physical activity, suboptimal self-rated health, and psychological distress ( Table 2 ). The lower the work time control score the higher the levels of anxiety. High or very high work time control was associated with male sex, higher occupational status, day work, good self-rated health, no psychological distress, and higher alcohol intake.
In the cross-sectional analysis, a linear trend (P<0.0001) was observed in the crude model. with sleep disturbances were attenuated to 1.17 (95% CI 1.13-1.21) and 1.06 (95% CI 1.04-1.08), respectively and the association with high work time control disappeared after full adjustments. We also performed a subsidiary analysis examining all seven items separately and the results were similar across the items (Appendix 2).
Excluding shift workers did not substantially alter the pattern of results and there was no For comparison, we analyzed the association between work time control and self-reported suboptimal health, which showed stronger associations in general (very low work time control: crude PR 1.85, 95% CI 1.71-2.00; very high work time control crude PR: 0.72, 95% In the longitudinal analysis of the subsample with data on working hours, a similar association between work time control and sleep disturbances was found as in the crosssectional analysis (Table 4 ). Among participants who worked more than 40 hours per week (n=3,565), very high work time control in Phase 1 was associated a 1.37-fold (95% CI 1.01- Although the observed effect sizes were only moderate, both cross-sectional and longitudinal analyses supported these findings.
The observed association between low work time control and sleep disturbance is in line with a substantial body of evidence linking lack of control over work time with unfavourable psychosocial and health outcomes. [1] [2] [3] [4] [5] 7, 8 Many previous studies have shown a graded association, without interruptions in this pattern from the lowest to the highest levels of work time control. [1] [2] [3] [4] [5] 7 This accords with our results for participants working 40 hours per week or less. The exact mechanisms underlying these associations are unknown. For workers with low work time control, the lack of flexibility may restrict their opportunities to match their work hours with their circadian rhythms. Impaired sleep may also result from a lack of flexibility that increases work-life conflict, e.g. by making it harder to combine the requirements of the work schedule with extra-work commitments such as family or other caring duties.
Conversely, workers with higher levels of work time control may be able to use this flexibility to improve their person-job fit. 38 Working long hours can have positive as well as negative effects on employee health, depending on the underlying motivations and personal circumstances. For example, employees with good social support may have better tolerance of long working hours, and at the same time benefit from the improved financial security that paid overtime work provides. 39 Some workers may welcome the opportunity to work longer hours for financial or other reasons, albeit potentially at the expense of inadequate sleep. Our measure of work time control included an assessment of the ability to influence the total length of ones' working day. Thus, the association between very high work time control and increased sleep complaints might be explained in terms of self-imposed long work hours resulting in insufficient time being left for recuperation in the evening, leading to disturbed sleep.
Our measurement of work time control did not differentiate between formally having the opportunity to influence one's work hours and actually utilizing such opportunities. If a policy of flexibility is not exercised in practice (e.g., due to overcommitment, fear of being laid off or fear of losing a competition for a promotion) then the benefits associated with increased control over work times and schedules are likely to be lost. 40 Employees with very long work hours might include a large proportion of those not exercising their high work time control; a potential explanation to the counterintuitive finding linking high work time control to increased sleep disturbance. This finding is in line with the suggestion by Costa and his colleagues that individual flexibility in work times may lead to excessive work load and unhealthy schedules. 1 However, empirical evidence in this regard is scarce, with only one study having reported a cross-sectional association between high work time control and poorer sleep among employees with highly variable work schedules. 12 It is noteworthy that the observed association between very high work time control and poor sleep may be specific to sleep-related outcomes. In the comparable analysis using self-rated health as the outcome the association remained linear after full adjustments even among those working long hours. Thus we conclude that low work time control seems generally to be associated with greater risk of sleep disturbances, but in the subgroup of those working long hours, very high work time control also seems to mark an increased risk of disrupted sleep.
Our study has some notable strengths, including reliance on prospective data from a large sample, enabling longitudinal analysis and the use of multiple measurements in the crosssectional analysis where repeated measurements were nested within participants. The large dataset also enabled us to analyze work time control in categories based on the actual scores rather than arbitrary cut-points, such as median or tertiles, which would have reduced our chances of identifying the U-shaped association among those working long hours. Study limitations include limited generalizability as our sample comprised predominantly female (77%), racially homogeneous (white) Finnish public sector employees. The data included a range of different occupations that may have inherently different possibilities to control work time. This wide range can be seen as a strength, but may also be a source for bias. However, additional analyses controlling the type of occupation in more detail or examining the association within the four main occupational categories did not alter the results.
Nevertheless, future replications of this design in other sectors of employment would be valuable.
Overtime work has also been shown to be related to poor cognitive performance in middle age and increased risk of incident coronary heart disease, independently of conventional risk factors. 41, 42 Further research is needed to evaluate whether the increased health risk at the extreme ends of the work time control scale is specific to sleep, whether it affects other behavioural and health-related outcomes, and whether the evolution of sleep disturbances underlie the link between long working hours and coronary health.
The current study identifies risk groups that merit the attention of occupational health practitioners. Sleep disturbances have been shown to predict somatic and mental disorders contributing to sickness absence and work disability [19] [20] [21] and to be associated with increased mortality. [43] [44] [45] [46] If the associations observed in this study were causal, those reporting very low work time control could be expected to benefit from improved influence over their working times. Those reporting very high work time control, while working long hours could benefit from ergonomic advice / training on work time planning, in order that they might achieve better sleep. 
